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Covariation in population trends and demography reveals targets for conservation action.
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Abstract

Wildlife conservation policies directed at common and widespread, but declining, species are difficult
to design and implement effectively, as multiple environmental changes are likely to contribute to
population declines. Conservation actions ultimately aim to influence demographic rates, but
targeting actions towards feasible improvements in these is challenging in widespread species with
ranges that encompass a wide range of environmental conditions. Across Europe, sharp declines in
the abundance of migratory landbirds have driven international calls for action, but actions that could
feasibly contribute to population recovery have yet to be identified. Targeted actions to improve
conditions on poor-quality sites could be an effective approach, but only if local conditions
consistently influence local demography and hence population trends. Using long-term measures of
abundance and demography of breeding birds at survey sites across Europe, we show that co-
occurring species with differing migration behaviours have similar directions of local population trends
and magnitudes of productivity, but not survival rates. Targeted actions to boost local productivity
within Europe, alongside large-scale (non-targeted) environmental protection across non-breeding
ranges, could therefore help address the urgent need to halt migrant landbird declines. Such

demographic routes to recovery are likely to be increasingly needed to address global wildlife declines.

Keywords: demography, population trends, migration, conservation, productivity.
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Background

Across the world, changing climatic conditions and patterns of land use are increasingly driving
population declines in species that were previously common and widespread?. Efforts to recover
widespread but declining populations have typically focussed on identifying and reversing the
environmental changes likely to have caused the declines, for example through the design of agri-
environment initiatives that aim to provide key resources in agricultural landscapes?. These large-
scale, resource-focussed approaches have typically failed to reverse population declines?, and
alternative approaches are urgently needed. Importantly, the actions needed to deliver recovery of a
population from a period of decline may not need to address the cause(s) of the decline directly. For
example, population declines in several species have been initiated by periods of low survival rates,
but recovery has been either facilitated or constrained by subsequent levels of productivity*>. Cases
such as these highlight the importance of identifying specific actions capable of influencing
demographic rates, and locations in which gains in demographic rate are achievable, rather than
relying on generic environmental management approaches in the expectation that this will lead to
recovery. Targeting achievable increases in demographic rates could offer new and exciting
opportunities to deliver population growth in widespread species of conservation concern, and thus

to address the challenges highlighted in the recent IPBES report®.

In recent decades, severe population declines in many African-Eurasian migrant landbird
species have been reported at both national and international scales across Europe’®°. In 2014,
parties to the Convention on the Conservation of Migratory Species of Wild Animals (CMS) adopted
the African-Eurasian Migratory Landbirds Action Plan (AEMLAP), which is intended to improve the
conservation status of migratory landbirds in the region. Recent population declines have been
greater in species travelling to the humid tropics of west Africa than those wintering in the arid zone
of sub-Saharan Africa or staying in Europe”®1%!! (Supplementary Figure 1), but environmental changes
anywhere across migratory ranges could be contributing to the declines. While addressing ongoing
environmental degradation across Europe and Africa is clearly vital for long-term population
persistence, there is an urgent need to implement conservation actions now to slow or halt current
migrant declines. Targeting actions to boost specific demographic rates in migratory species couldbe
a fruitful approach to improving the conservation status of these species. For example, efforts to boost
productivity might involve creation of nesting habitat or management of egg or chick predators in
locations where productivity is currently low, while efforts to boost survival rates (and perhaps
subsequent productivity) might involve provision of additional food resources in locations and/or time

periods when they are scarce. However, such approaches will only be effective if local conditions
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consistently influence local population trends and in demography and if sites with consistently low
demographic rates (survival and/or productivity) can be identified. Regional-scale analyses within the
UK have revealed that populations of residents, humid- and arid-zone migrants are all generally faring
betterin northern than southern regions*?3, suggesting that opportunities to target actions may exist,

but the locations and demographic rate(s) that would need to be targeted have yet to be identified.

Long-term, large-scale surveys of breeding locations across Europe provide data on the extent
of spatial variation in abundance and demography, and thus the potential for targeted management
of breeding season conditions to influence migrant population declines. As demographic rates can be
influenced by the conditions experienced throughout the annual cycle!*, consistent spatial variation
in demographic rates of migratory species could reflect effects of local conditions on breeding grounds
or effects of conditions experienced elsewhere®®. However, strong site-level covariation in co-
occurring resident and migrant population trends at breeding sites would imply that local breeding
season conditions contribute strongly to local population dynamics in both resident and migratory
species. In such a case, targeted actions to improve conditions in sites with declining populations could
potentially deliver community-wide benefits. By contrast, a lack of site-level covariation in population
trends would imply that breeding season conditions alone are not the major driver of local population
dynamics in migrants and/or residents or that the effects of breeding season conditions on migrants
and residents differ. In that case, spatial targeting of actions within Europe to improve breeding
conditions would be both less achievable (as inconsistent trends would limit identification of suitable
sites) and less likely to deliver growth (as local conditions may or may not contribute to local
population growth). If site-level covariation in population trends is apparent, strong site-level
covariation in levels of either productivity or survival of migrants and residents would identify the rate
for which local targeting of conservation actions would be most effective in delivering local population
growth. Consequently, we use citizen-science survey data capturing local abundance and demography
of bird species across Europe to quantify the extent and structure of spatial variation and covariation
in population trends and demographic rates of co-occurring species with different migratory

behaviours.

Methods

Abundance metrics from Pan-European Common Bird Monitoring Scheme (PECBMS)
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We used species monitoring data collated under the Pan-European Common Bird Monitoring Scheme
(PECBMS:https://pecbms.info/), led by the European Bird Census Council (EBCC), BirdLife
International and Royal Society for the Protection of Birds'®. In each national scheme, volunteers
collect annual count data on the abundance of birds (referred to throughout as abundance) during
the breeding season by carrying out either line transects, point counts or territory mapping on survey
sites (Supplementary Table 1). We used data from 19 schemes in 17 countries (Supplementary Table
1), covering 13,859 sites and 80 species. We used data collected between 1994 and 2013, with the
exact length of time series varying between schemes (Supplementary Table 1). Sites were only
included in the analysis if they had been active for three or more years. Species were only included in

the analysis if they were present at 15 sites or more.

Classifying migratory status

Each of the 80 species was classified as either ‘resident’ (those that stay within Europe during the non-
breeding season), ‘arid migrant’ (species in which the majority of the European population covered by
PECBMS winters south of the Sahara, mostly in the arid savannah of the Sahel region) or ‘humid
migrant’ (species in which the majority of the European population covered by the PECBMS winters in
the Guinean savannah, humid tropical and other forests south of the Sahel (typified by savannahand
forest of West, Central, East and Southern Africa) (Supplementary Table 2, see” for further details of

classification).

Statistical analyses
Quantifying continent-level population change

In order to confirm previous studies indicating Europe-wide declines in humid-zone migrants and slight
increases in the abundance of resident and arid-zone migrant populations’, we fitted a Gaussian
General Linear Model (GLM) to estimate the average rate of species population change across Europe
for each migratory status. In order to account for observer effects, differing sampling protocols and
differences in abundance between species (and therefore differences in our capacity to detect
changes in abundance), we standardised counts (by subtracting the mean site-level count from the
annual count and dividing by the site-level standard deviation) prior to analysis. Annual standardised
counts were then modelled as a function of migratory status, year (continuous) and their interaction.
See Supplementary Information for the results of this analysis (Supplementary Information,
Supplementary Fig. 1 and Supplementary Table 3). All statistical analyses were carried outinin R v.

3.1.0%.
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179

180  Quantifying site-level population change

181 For each species at each site we fitted a GLM to estimate site-level population change. Annual
182  standardised counts were modelled as a function of year (continuous);this year term then describes
183  therelative rate of population change at that site for that species (Supplementary Table 7). This model
184  resulted in estimates of trends in standardised population abundance (A) for each species at each site.
185 For simplicity, we use the term ‘population trend’ hereafter to describe these trends in standardised
186  abundance.

187

188  Estimating site-level demographic metrics

189 Data were collated from 10 Constant Effort Site (CES) schemes, spanning eight countries across
190 Europe, all of which use standardised mist-netting during the breeding season to measure the relative
191 productivity and survival of passerine birds'® (Supplementary Table 4). At each CE site, licensed ringers
192 deploy a series of mist-nets in the same positions, for the same length of time, during morning and/or
193  eveningvisits, typically between April-May and July-August (the season starts and ends later at higher
194 latitudes). We only included years in which sites were (a) visited eight or more times in the season
195 (including at least three visits in each of the first and second halves of the season), (b) had been
196 running for five or more years and, for each species, (c) on which 25 or more adults and 25 or more
197  juveniles had been captured in total, between 2004 and 2014.

198

199 For each species, we estimated site-level mean adult apparent survival rates using the Cormack-Jolly-
200  Seber (CJS) formulation of mark-recapture models while accounting for transient individuals
201 (Supplementary Information), and site-level mean productivity as the ratio of the total number of
202  juvenile to adult birds caught at a site during each season, with individuals aged using plumage
203  characteristics (Supplementary Information). In order to account for differences in species

204  composition between sites, estimates of demographic rates for each species were standardised by
205  subtracting the overall species mean of the site-level estimates and dividing by the site-level standard
206  deviation. This resulted in standardised estimates of survival (S) and productivity (P) for each species
207  ateachsite.

208208

209 Quantifying site-level mean population trends and demographic rates for resident, arid- and humid-

210  zone migrants

211 In order to calculate the mean population trend and demographic rate for each migratory status

212 (resident, arid- and humid-zone migrant) at each site, we used a bootstrapping procedure which
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allowed us to incorporate the error associated with site-level species estimates into the estimates of
site-level means for each migratory status category (Supplementrary Table 7). For each species at each
PECBMS site, we generated 1000 new estimates of population trend (Apoot) by randomly sampling from
a normal distribution with a mean A and standard deviation o(A). From these bootstraps we then
calculated 1000 estimates of mean population trend for each migratory status present at each site,
taking the mean as the overall site-level estimate and the 97.5" and 2.5™ quartiles as the upper and
lower confidence limits. This process was repeated for each each species at each Euro-CES site, using
1000 new estimates of standardised demographic rate (productivity and survival) generated by

randomly sampling from the posterior distribution of S and P to first generate 1000 estimates of each
rate for each species and from these mean site-level estimates of productivity (Pvoot) and survival (Spoot)

for species of each migratory status present at each EuroCES site.

Exploring spatial variation in site-level population trends and demographic rates

To explore the variation in mean site-level population trends (Aboot) and demographic rates (Swoot, Pooot)
within and between the migratory status categories, we fitted separate Gaussian General Linear
Mixed Models (GLMMs) via the R package Ime4?°. Mean site-level population trends or demographic
rates for each migratory status were fitted as the response variable in turn, with migratory status
(resident, arid- or humid-zone migrant), latitude and longitude, and the interactions between latitude
x longitude, migratory status x latitude, and migratory status x longitude as fixed effects. Site was
included as a random effect to account for the non-independence of trends from the same sites. To
assess the importance of specific effects, we performed a likelihood ratio test by comparing models
with and without a particular term, reporting the x? value and associated significance. When

interaction terms were found to be significant, the associated main effects were retained in models
but we present only the significance of the interaction term and associated parameter estimates. Non-
significant interaction terms were removed from the models. We present the results of a final model
carried out on the mean site-level estimates as well as the proportion of times each explanatory

variable included in the final model was significant across the 1000 bootstrapped estimates.

Quantifying site-level covariation in population trends and demographic rates

Pearson’s correlation coefficients were used to estimate the strength of the covariation in mean
population trends (Asoot) and in demographic rates (Sboot, Pboot) between residents and each of the two
migratory groups (arid-zone and humid-zone). Following 3, for each of our 1000 bootstrapped

datasets, we correlated mean site-level population trend or demographic rate of each migrant group

with those of residents and calculated the overall mean correlation coefficient and the 97.5% and 2.5t
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247 qguantile of the distribution of the correlation coefficients as the upper and lower confidence intervals.
248  Significant associations were identified as those in which the 97.5t" and 2.5t quantiles did not overlap
249 zero.

250250

251  To estimate the mean difference in site-level population trends or demographic rates of residents and
252  each of the two migratory groups (arid-zone and humid-zone), we calculated the mean difference
253 (migrant — resident at each site) for each of our 1000 bootstrapped datasets. Significant differences
254  were identified as those in which the 97.5% and 2.5 quantiles did not overlap zero.

255

256  To explore the effects of spatial autocorrelation on these patterns this process was repeated within
257 each scheme and the results presented in the Supplementary online material (Supplementary Tables
258  7-9, Supplementary Figures 3-8).

259

260  Results

261

262  European population trends and migratory strategy

263  Across the 13,859 European survey sites, overall mean population trends between 1994 and 2013
264  were similar and slightly positive for residents and arid-zone migratory species, but humid-zone

265  species declined significantly (Supplementary Fig. 1, Supplementary Table 3).

266266

267  Site-level variation in population trends and demography

268  Across 13,859 PECBMS sites, mean population trends of resident (46 species), arid-zone migrant (15
269  species) and humid-zone migrant (19 species) species varied greatly between sites, with local declines
270  and increases occurring in all three groups across all 17 countries (Fig. 1a-c). No strong geographical
271  structure in mean site-level population trends was apparent in any group (Fig. 1a-c), although
272 populations in the east and north of Europe tended to be faring slightly less well on average (Table 1).
273 Across 336 Euro-CES sites at which demography was monitored, mean standardised productivity and
274 survival of resident (18 species), arid-zone migrants (3 species) and humid-zone migrants (5 species)
275  also varied greatly (Fig. 1d-f). Again, no strong geographical structuring of demography was evident,
276  although productivity tended to be slightly lower in the east and south, while survival rates were
277  slightly lower in the east (Fig. 1, Table 1). Thus, high levels of local variation are apparent in population
278 trends and demography of these species, and there is little evidence of large-scale clustering of sites

279 with similar trends in abundance or mean levels of demography.
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Site-level covariation in population trends

Mean site-level population trends of both arid- and humid-zone migrant species co-varied positively
and significantly with population trends of co-occurring resident species, with the strongest
association between resident and humid-zone species (Fig. 2a,b; Table 2). The slope of the covariation
differs significantly from unity (Table 2) and migrants tend to be faring less well than residents at sites
with increasing population trends (Fig. 2a,b, upper right quadrant) while, at sites with population

declines, migrants tend to be faring slightly better than residents (Fig. 2a, b, lower left quadrant).

Humid-zone migrants are the only group of species declining overall”’ (Supplementary Figure 1) and
site-level trends of humid-zone migrants were significantly lower than those of co-occurring resident
species (Table 2). Interestingly, while there is no overall significant difference between the population
trends of arid-zone migrants and residents (Supplementary Figure 1), site-level population trends of
arid-zone migrants were significantly higher than those of co-occurring resident species (Table 2). This
disparity suggests possible differences in distribution, with arid-zone species disproportionately

occurring in sites with either no residents and/or not occurring in sites where residents are doing well.
These patterns were apparent even when models were restricted to sites that had been surveyedfor
seven or more years (Supplementary Table 6). These patterns were also apparent within survey
schemes, suggesting that they are consistent across Europe (Supplementary Table 7, Supplementary

Figure 3&4).

Site-level covariation in demography

Covariation in the demographic rates of resident and migrant species was also apparent, with mean
site-level productivity of resident species showing much stronger covariation with that of both arid-
and humid-zone migrants (Fig. 2c,d; Table 2) than in equivalent mean site-level survival rates (Fig. 2e,f;
Table 2). The marginally significant covariation in survival rates of residents and humid-zone migrants
was not present when models were restricted to sites that had been surveyed for seven or more years
(Supplementary Table 6). As with covariation in population trends, these patterns were also apparent

within survey schemes (Supplementary Tables 8&9, Supplementary Figures 5-8).

Discussion
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Our site-level trend analyses reveal covariation in local population trends of migrants and residents,
such that co-occurring species tend to have similar directions and magnitudes of change.

Consequently, sites that are good for resident species tend to be good for migrants, and vice versa.
This suggests that local breeding season conditions are a realistic target for conservation actions which
should be effective across the avian community. Similarly positive, migrant-resident covariation in
productivity, but not survival, suggests that actions targeted at boosting local productivity within

Europe have the potential to benefit local populations of both migrant and resident species.

Concerns over the potential contribution of environmental changes within African humid-
zone wintering grounds to migrant population trends (through impacts on annual survival
probabilities) have arisen because of the concentration of declines among species travelling to these
areas’®. However, while greater overall population declines in humid-zone migrants could be viewed
as evidence for current ‘costs of being migratory’, the demographic rates that underpin these declines
can be influenced by processes operating anywhere within their geographic ranges and across the
annual cycle. For example, humid-zone migrants could be experiencing greater risks of harsh
environmental conditions on their migratory journeys?°, while their later arrival on breeding grounds
could mean that they are less able to cope with changing breeding conditions?! or, should nest loss
rates be high, they may lack the time to lay replacement clutches??. Furthermore, weak migratory
connectivity is typical of many species?*?4, with individuals from the same breeding population often
separated by hundreds or thousands of kilometres on their wintering grounds. Consequently,
although efforts to maintain important habitats across Africa will clearly be crucial to the long-term
conservation of both African-Eurasian migrants and African resident species, delivering population
recovery for species in particular parts of their breeding range by targeting actions at locations within
Africa is unlikely to be achievable. In contrast, the strong natal and breeding site fidelity that is typical
of migratory bird species? suggests that delivering population recovery through actions targeted on

breeding grounds will be more feasible.

Importantly, the demographic factors that lead to population decline are not necessarily the
factors that can be most easily influenced to reverse those declines*?6. The weak covariation in site-
level adult annual survival rates of migrant and resident species suggests they are influenced by
conditions experienced throughout the annual cycle with survival rates measured on breeding
grounds integrating the effects of conditions experienced by individuals across their migratoryrange,
(e.g. droughts in the arid zone?”, storms during the migratory journey?®). Designing specific
conservation actions to boost annual survival rates would therefore be highly challenging. By contrast,

the strong co-variation in productivity of migrants and residents demonstrated by Euro-CES data
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provides a route for identifying the conditions associated with high and low levels of productivity, and
manipulating local environments to increase the frequency of sites achieving high productivity. For
example, low productivity can be particularly prevalent in fragmented landscapes, when small,
isolated populations fail to attract sufficient females3°3, or areas that are intensively managed3°
Consequently, targeting resources to increase the size and quality of breeding habitats in fragmented
landscapes could be an effective tool for increasing the frequency of high productivity sites,
particularly as relevant resources and infrastructure exist through European agri-environment
schemes? and protected area networks3? in contrast to much of sub-Saharan Africa. The actions
needed to deliver on international agreements to improve the conservation status of migratory
landbirds are therefore likely to comprise targeted local improvements of breeding conditions across
Europe, alongside large-scale (non-targeted) environmental protection of key habitats across non-

breeding ranges.
Conclusion

Rapid declines in widespread species are occurring throughout the world, and there is an
urgent need to identify actions capable of addressing these declines. Citizen-science data hold unique
information that can be used to connect large-scale patterns with local-scale processes to target and
design conservation actions on the ground. Exploiting these data to identify consistent spatial
variation in population trends and, especially, demography can be an extremely useful tool in
diagnosing the most fruitful targets for interventions. These findings suggest an approach of targeted
actions to boost local productivity within Europe, alongside large-scale (non-targeted) environmental
protection across non-breeding ranges, may provide the best hope for halting, and perhaps even

reversing, the rapid population declines in humid-zone migrants and potentially other species as well.

References

1. Johnson, C. N. et al. Biodiversity losses and conservation responses in the Anthropocene.
Science 356, 270-275 (2017).

2. Batary, P., Dicks, L. V, Kleijn, D. & Sutherland, W. J. The role of agri-environment schemesin
conservation and environmental management. Conserv. Biol. 29, 1006—-1016 (2015).

3. Butler, S. J., Boccaccio, L., Gregory, R. D., Vorisek, P. & Norris, K. Quantifying the impact of
land-use change to European farmland bird populations. Agric. Ecosyst. Environ. 137, 348-357 (2010).
4, Robinson, R. A., Morrison, C. A. & Baillie, S. R. Integrating demographic data: towards a
framework for monitoring wildlife populations at large spatial scales. Methods Ecol. Evol. 5, 1361—

1372 (2014).

12

http://mc.manuscriptcentral.com/prsb


http://mc.manuscriptcentral.com/prsb

Page 13 of 21

379
380
381
382
383
384
385
386
387
388
389
390
3901
392
393
394
395
396
397

398

399

401
402
403
404
405
406
407
408
409
410
411
412

5. Morrison, C. A., Robinson, R. A., Butler, S. J., Clark, J. A. & Gill, J. A. Demographic drivers of
decline and recovery in an Afro-Palaearctic migratory bird population. Proceedings. Biol. Sci. 283,
20161387 (2016).

6. Diaz S. et.al. IPBES. Summary for policymakers of the global assessment report on
biodiversity and ecosystem services of the Intergovernmental Science-Policy Platform onBiodiversity
and Ecosystem Services. IPBES secretariat, Bonn, Germany (2019).

7. Vickery, J. A. et al. The decline of Afro-Palaearctic migrants and an assessment of potential
causes. Ibis 156, 1-22 (2014).

8. Burfield, I. J. & van Bommel, F. P. J. Birds in Europe: population estimates, trends and
conservation status. Bird Life International, Cambridge (2004).

9. Sanderson, F. J., Donald, P. F., Pain, D. J., Burfield, I. J. & van Bommel, F. P. J. Long-term
population declines in Afro-Palearctic migrant birds. Biol. Conserv. 131, 93—105 (2006).

10. Hewson, C. M. & Noble, D. G. Population trends of breeding birds in British woodlands over a
32-year period: relationships with food, habitat use and migratory behaviour. Ibis 151, 464-486
(2009).

11. Thaxter, C. B., Joys, A. C., Gregory, R. D., Baillie, S. R. & Noble, D. G. Hypotheses to explain
patterns of population change among breeding bird species in England. Biol. Conserv. 143, 2006—2019
(2010).

12. Ockendon, N., Hewson, C. M., Johnston, A. & Atkinson, P. W. Declines in British-breeding
populations of Afro-Palaearctic migrant birds are linked to bioclimatic wintering zone in Africa,
possibly via constraints on arrival time advancement. Bird Study 59, 111-125 (2012).

13. Morrison, C. A., Robinson, R. A., Clark, J. A., Risely, K. & Gill, J. A. Recent population declines
in Afro-Palaearctic migratory birds: The influence of breeding and non-breeding seasons. Divers.
Distrib. 19, 1051-1058 (2013).

14. Robinson R.A., Meier C.M., Witvliet W., Kéry M., Schaub M. Survival varies seasonally in a
migratory bird: linkages between breeding and non-breeding periods. J. Anim. Ecol (2020).

15. Wilson S, Saracco J.F., Krikun R, Flockhart D.T.T., Godwin C.M., Foster K.R..Drivers of
demographic decline across the annual cycle of a threatened migratory bird. Sci. Rep. 8, 1-11(2018).
16. Gregory, R. D. et al. Developing indicators for European birds. Philos. Trans. R. Soc. London B
Biol. Sci. 360, 269-288 (2005).

17. R Core Development Team. R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. (2014).

18. Robinson, R. A,, Julliard, R. & Saracco, J. F. Constant effort: studying avian population

processes using standardised ringing. Ringing Migr. 24, 199-204 (2009).

13

http://mc.manuscriptcentral.com/prsb


http://mc.manuscriptcentral.com/prsb

413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446

19. Bates, D. et al. Package ‘Ime4’. R Foundation for Statistical Computing, Vienna (2014).

20. Hewson, C. M., Thorup, K., Pearce-Higgins, J. W. & Atkinson, P. W. Population decline is linked
to migration route in the Common Cuckoo. Nat. Commun. 7, 12296 (2016).

21. Norris, D. R., Marra, P. P., Kyser, T. K., Sherry, T. W. & Ratcliffe, L. M. Tropical winter habitat
limits reproductive success on the temperate breeding grounds in a migratory bird. Proc. R. Soc. B Biol.
Sci. 271, 59-64 (2004).

22. Hoffmann, J., Postma, E. & Schaub, M. Factors influencing double brooding in Eurasian
Hoopoes Upupa epops. Ibis 157, 17-30 (2015).

23. Finch, T., Butler, S. J., Franco, A. M. A. & Cresswell, W. Low migratory connectivity iscommon
in long-distance migrant birds. J. Anim. Ecol. 86, 662—673 (2017).

24. Lerche-Jgrgensen, M., Willemoes, M., Tgttrup, A. P., Snell, K. R. S. & Thorup, K. No apparent
gain from continuing migration for more than 3000 kilometres: willow warblers breeding in Denmark
winter across the entire northern Savannah as revealed by geolocators. Mov. Ecol. 5,17 (2017).

25. Newton, |. The migration ecology of birds. (Academic Press, 2010).54 (2000).

26. Taylor C.M., Stutchbury B.J.M. Effects of breeding versus winter habitat loss and
fragmentation on the population dynamics of a migratory songbird. Ecol. Appl. 26, 424-437(2016).
27. Mihoub J-B, Gimenez O, Pilard P, Sarrazin F. Challenging conservation of migratory species:
Sahelian rainfalls drive first-year survival of the vulnerable Lesser Kestrel Falco naumanni. Biol.
Conserv. 143, 839-847 (2010).

28. Newton |. Weather-related mass-mortality events in migrants. /bis 149, 453-467 (2007).

29. Morrison, C. A., Robinson, R. A., Clark, J. A. & Gill, J. A. Causes and consequences of spatial
variation in sex ratios in a declining bird species. J. Anim. Ecol. 85, 1298-1306 (2016).

30. Winiarski, J. M., Moorman, C. E., Carpenter, J. P. & Hess, G. R. Reproductive consequences of
habitat fragmentation for a declining resident bird of the longleaf pine ecosystem. Ecosphere 8,
€01898 (2017).

31. Brickle NW, Harper DGC, Aebischer NJ, Cockayne SH. Effects of agricultural intensification on
the breeding success of corn buntings Miliaria calandra. J. Appl. Ecol. 37, 742-755 (2001).

32. Pellissier V, Touroult J, Julliard R, Siblet JP, Jiguet F. Assessing the Natura 2000 network with a

common breeding birds survey. Anim. Conserv. 16, 566—-574 (2013).

Acknowledgments: This study was made possible by strong pan-European collaborations and
friendships, and is the result of thousands of hours of fieldwork by dedicated volunteers. We thank all
the volunteers of the national monitoring and ringing schemes; the Latvian Nature Conservation

Agency, Spanish Ornithological Society (SEO/BirdLife), Norwegian Climate and Environment Ministry,

14

http://mc.manuscriptcentral.com/prsb

Page 14 of 21


http://mc.manuscriptcentral.com/prsb

Page 15 of 21

447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465

Norwegian Environment Agency, Swedish Environmental Protection Agency, Centre for Animal

Movement Research (CAnMove) and Biodiversity and Ecosystem Services in a Changing Climate
(BECC), Austrian Ministry for Sustainability and Tourism, the RSPB and JNCC (on behalf of the UK
Statutory Nature Conservation Bodies) for support of national schemes; Zdenék Vermouzek and Petr
Vorisek for scheme co-ordination, Juliet Vickery for contributions to study development, and three

anonymous reviewers for helpful comments on the manuscript.

Funding: This study was funded by NERC (project NE/L0O07665/1 & NE/T007/354/1). Aleksi Lehikoinen
was funded by the Academy of Finland (grant no. 275606), Jifi Reif by project PRIMUS/17/SCI/16 and
Jaroslav Cepak by the Ministry of Culture of the Czech Republic (DKRVO 2018/15, National Museum,
00023272).

Author contributions: CAM, SJB, RAR, JAC and JAG conceived and wrote the study, CAM performed

the analysis and all other authors provided the data and commented on the manuscript.

Data availability: The data that support the findings of this study are available from PECBMS

(abundance: https://pecbms.info/) and Euring (demography: https://euring.org/research/ces-

europe/) and cannot be further distributed by the authors, but these data can be provided by these

organisations upon request.

15

http://mc.manuscriptcentral.com/prsb


http://mc.manuscriptcentral.com/prsb
https://euring.org/research/ces-europe/
https://euring.org/research/ces-europe/

466
467  Tables and figures
468

469  Table 1. Results of GLMMs of the variation in bootstrapped mean site-level a) population trends of resident, arid- and humid-zone migrant bird species

470 breeding at 13,859 PECBMS sites across Europe between 1994 and 2013, b) standardised productivity and c) standardised adult survival of resident and arid-

471 and humid-zone migrant bird species on 336 Euro-CES sites across Europe between 2004 and 2014, and the proportion of 1000 bootstrapped models reporting

472  significant (p<0.05) effects. The variance explained by the random effect of site for a) population trends = 0.006 (sd = 0.07), b) productivity = 0.26 (sd = 0.51)

473 and c) adult survival = 0.04 (0.19). Main effects are included in all models but only presented in the table when interaction terms are not significant (see

474  methods for details).

475475

Demographic rate Fixed effects Estimate (SE) X2 DF  p-value Proportion
significant (p<0.05)

a) Population trend Longitude -0.0007 (0.0001) 0.26 1 0.609 0.003
Latitude*Migratory status: 21.65 2 <0.001 1.00
Resident 0.0003 (0.0003)
Arid -0.0012 (0.0003)
Humid -0.0015 (0.0003)

b) Productivity Longitude -0.011 (0.004) 7.08 1 <0.001 0.99
Latitude 0.041 (0.006) 39.07 1 <0.001 1.00
Migratory status: 6.89 2 0.032 0.444
Resident -2.02 (0.31)
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Arid -2.17(0.33)
Humid -2.07 (0.32)
Latitude 0.24 1 0.628 0.006
Migratory status 4.16 2 0.125 0.016
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477
478
479

480

Table 2. Results of bootstrapped Pearson correlations of associations, differences and regression coefficients between mean site-level population trends and

demographic rates of resident bird species and co-occurring migratory bird species of differing status (arid-zone and humid-zone) on 13,859 PECBMSsurvey

sites and 336 Euro-CE sites across Europe. * indicate significant differences from zero (or from unity, in the case of regression coefficients).

Demographic rate

Migratory status

Mean correlation Mean difference

coefficient (95% Cls)

Migrant — Resident (95% Cls)

Mean regression

coefficient (95% Cls)

Population change Arid 0.12 (0.10-0.15)* 0.010 (0.005 - 0.013)* 0.26 (0.21-0.32)*
Humid 0.18 (0.15 — 0.20)* -0.007 (-0.010 — -0.004)* 0.30 (0.25 — 0.34)*
Productivity Arid 0.44 (0.35—0.52)* -0.17 (-0.20 —-0.15)* 0.60 (0.46 —0.71)*
Humid 0.48 (0.42 —0.53)* -0.06 (-0.08 - -0.04) * 0.60 (0.51 —0.69)*
Adult survival Arid 0.06 (-0.08 —0.21) 0.14 (0.08 —0.20)* 0.09 (-0.12 —0.35)*
Humid 0.14 (0.03 —0.26)* 0.12 (0.07 - 0.16)* 0.19 (0.03 —0.35)*
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Figure legends:

Fig. 1: Mean site-level trends in abundance between 1994 and 2013 (a-c), mean standardised site-
level productivity between 2004 and 2014 (d-f) and mean standardised site-level annual survival rates
between 2004 and 2014 (g-i) of resident (a,d,g), arid-zone migrant (b,e,h) and humid-zone migrant
(c,f,i) bird species breeding on 13,859 PECBMS sites (a-c) and 336 Euro-CES sites (d-i) across Europe.

Fig. 2: Covariation between resident bird species and their co-occurring arid-zone (top row) and
humid-zone (bottom row) migrant species in mean site-level (a,b) population trends (a: 12,103 sites;
b: 13,267 sites), (c,d) standardised mean site-level productivity (c: 156 sites; d: 247 sites) and (e,f)
standardised mean site-level annual survival rates (e: 156 sites; f: 247 sites). Lines of best fit are shown
for significant associations and numbers indicate the number of sites. Horizontal bars indicate

medians, boxes indicate interquartile range, whiskers indicate minimum and maximum values and

circles indicate values 1.5 times higher or lower than 1stand 3" interquartile, respectively.
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Fig. 1: Mean site-level trends in abundance between 1994 and 2013 (a-c), mean standardised site-level
productivity between 2004 and 2014 (d-f) and mean standardised site-level annual survival rates between
2004 and 2014 (g-i) of resident (a,d,g), arid-zone migrant (b,e,h) and humid-zone migrant (c,f,i) bird
species breeding on 13,859 PECBMS sites (a-c) and 336 Euro-CES sites (d-i) across Europe.
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Fig. 2: Covariation between resident bird species and their co-occurring arid-zone (top row) and humid-zone
(bottom row) migrant species in mean site-level (a,b) population trends (a: 12,103 sites; b: 13,267 sites),
(c,d) standardised mean site-level productivity (c: 156 sites; d: 247 sites) and (e,f) standardised mean
site-level annual survival rates (e: 156 sites; f: 247 sites). Lines of best fit are shown for significant
associations and numbers indicate the number of sites. Horizontal bars indicate medians, boxes indicate
interquartile range, whiskers indicate minimum and maximum values and circles indicate values 1.5 times
higher or lower than 1st and 3rd interquartile, respectively.
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